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1	Introduction
For SRS carrier switching, we have following RAN1 agreements [1]
Agreements:
· Through RRC configuration, allow SRS transmissions on more than 2 UpPTS symbols in the same subframe for the same UE, for A-SRS and P-SRS
· On the same CC or multiple CCs
· Allow more than one SRS configurations for the subframe, for A-SRS and P-SRS
· Reuse existing SRS configurations (1 or 2 UpPTS symbols per SRS configuration)
Clarification: 
· Up to 6 symbols can be used for SRS on the same CC in one UpPTS according to RRC configuration

However, the SRS transmission instances, defined as  in Clause 5.5.3.2 of TS36.211, are counted for a certain SRS configuration only. 


If multiple symbols in UpPTS are configured by more than one SRS configuration,   are same for each SRS configuration. For SRS antenna switching 1T2R, 1T4R and 2T4R, same  would result in same antenna/antenna pair index. Even if a UE are configured to transmit SRS on up to 6 symbols in UpPTS, the UE may not switch all the antenna/antenna pairs within a subframe. The DL throughput would be degraded significantly due to the large latency (one or several times of SRS periodicity), especially for high-mobility UEs. We have illustrated the problem in Sect. 2, followed by a solution without impact on the higher layer signalling. The corresponding TP for TS36.211 is given in Sect. 3.
2	Discussion
For SRS carrier switching, LTE Rel-14 supports more than one SRS configuration applied to a UE to transmit up to 6 SRS symbols in UpPTS. For example, a UE with 6 SRS configurations is to send 6 SRS symbols in UpPTS as 
· [bookmark: _GoBack]1st Config: ISRS=10 for 4 additional symbols in UpPTS SRS periodicity TSRS=10ms, Toffset=0  nsrs=nf
· 2nd Config: ISRS=11 for 4 additional symbols in UpPTS  TSRS=10ms, Toffset=1  nsrs=nf
· 3rd Config: ISRS=12 for 4 additional symbols in UpPTS  TSRS=10ms, Toffset=2  nsrs=nf
· 4th Config: ISRS=13 for 4 additional symbols in UpPTS  TSRS=10ms, Toffset=3  nsrs=nf
· 5th Config: ISRS=10 for 2 symbols in UpPTS  TSRS=10ms, Toffset=0  nsrs=nf
· 6th Config: ISRS=11 for 2 symbols in UpPTS  TSRS=10ms, Toffset=1  nsrs=nf
Each SRS configuration has same nsrs within the same subframe. For SRS antenna switching, the antenna/antenna pair pattern is a function of nsrs. In case of wideband SRS (no frequency hopping), the antenna/antenna pair pattern is given as
· SRS antenna switching 1T2R antenna pattern: asrs=(nsrs mod 2)
· SRS antenna switching 1T4R antenna pattern: asrs=(nsrs mod 4)
· SRS antenna switching 2T4R antenna pair pattern: asrs=(nsrs mod 2)
As shown in Table 1a and 1b, the UE can only transmit 1 antenna/antenna pair on all the SRS symbols in one UpPTS per radio frame (nf). The UE has to wait for the next SRS transmission subframe, e.g., the UpPTS in radio frame (nf+1), to switch to another antenna/antenna pair. In case of SRS 1T2R or SRS 2T4R, it costs 2TSRS to get all 2 antennas/antenna pairs as given in Table 1a. In case of SRS 1T4R, it costs 4TSRS to get all 4 antennas as given in Table 1b. Even when the UE is configured with 6 SRS symbols, the defined SRS transmission instance cannot allow the eNB to get all the antennas’ CSI by using SRS antenna switching within a UpPTS. 
Table 1a SRS Antenna Switching 1T2R or 2T4R
	Ant/Ant pair index for 1T2R/2T4R
	SRS symbols in UpPTS

	
	For UE with 4 additional symbols 
in UpPTS in Table 8.2-6 
	For UE with 2 symbols 
in UpPTS in Table 8.2-3

	
	1st symbol
	2nd symbol
	3rd symbol
	4th symbol
	1st symbol
	2nd symbol

	kSRS
	0
	1
	2
	3
	0
	1

	Frame nf
	nSRS=nf
	nSRS=nf
	nSRS=nf
	nSRS=nf
	nSRS=nf
	nSRS=nf

	
	0
	0
	0
	0
	0
	0

	Frame (nf+1)
	nSRS=nf+1
	nSRS=nf+1
	nSRS=nf+1
	nSRS=nf+1
	nSRS=nf+1
	nSRS=nf+1

	
	1
	1
	1
	1
	1
	1

	
	1st SRS config in Example 1
	2nd SRS config in Example 1
	3rd SRS config in Example 1
	4th SRS config in Example 1
	5th SRS config in Example 1
	6th SRS config in Example 1



Table 1b SRS Antenna Switching 1T4R
	Ant index for 1T4R
	SRS symbols in UpPTS

	
	For UE with 4 additional symbols 
in UpPTS in Table 8.2-6 
	For UE with 2 symbols 
in UpPTS in Table 8.2-3

	
	1st symbol
	2nd symbol
	3rd symbol
	4th symbol
	1st symbol
	2nd symbol

	kSRS
	0
	1
	2
	3
	0
	1

	Frame nf
	nSRS=nf
	nSRS=nf
	nSRS=nf
	nSRS=nf
	nSRS=nf
	nSRS=nf

	
	0
	0
	0
	0
	0
	0

	Frame (nf+1)
	nSRS=nf+1
	nSRS=nf+1
	nSRS=nf+1
	nSRS=nf+1
	nSRS=nf+1
	nSRS=nf+1

	
	1
	1
	1
	1
	1
	1

	Frame (nf+2)
	nSRS=nf+2
	nSRS=nf+2
	nSRS=nf+2
	nSRS=nf+2
	nSRS=nf+2
	nSRS=nf+2

	
	2
	2
	2
	2
	2
	2

	Frame (nf+3)
	nSRS=nf+3
	nSRS=nf+3
	nSRS=nf+3
	nSRS=nf+3
	nSRS=nf+3
	nSRS=nf+3

	
	3
	3
	3
	3
	3
	3

	
	1st SRS config in Example 1
	2nd SRS config in Example 1
	3rd SRS config in Example 1
	4th SRS config in Example 1
	5th SRS config in Example 1
	6th SRS config in Example 1



Another Example 2, if we use SRS periodicity of 2ms to have 2 SRS symbols per SRS configuration, a UE with 3 SRS configurations can send 4 SRS symbols in UpPTS as 
· 1st Config: ISRS=0 for 4 additional symbols in UpPTS TSRS=2ms, Toffset={0,1}, NSP =1 nsrs={2nf,2nf+1}
· 2nd Config: ISRS=7 for 4 additional symbols in UpPTS TSRS=2ms, Toffset={2,3}, NSP =1 nsrs={2nf,2nf+1}
· 3rd Config: ISRS=0 for 2 symbols in UpPTS TSRS=2ms, Toffset={0,1}, NSP =1 nsrs={2nf,2nf+1}
Even if eNB configure 2 SRS symbols in UpPTS per SRS configuration, for SRS antenna switching, it only allows 2 antenna/antenna pairs per UpPTS. As shown in Table 2a, the UE can switch antenna/antenna pair 0 and 1 in one UpPTS. But, for SRS antenna switching 1T4R, the UE transmits SRS on antenna 0 and 1 in UpPTS of radio frame (nf), and has to wait until next UpPTS in radio frame (nf+1) to transmit SRS on antenna 2 and 3, as shown in Table 2b. Similar as Example 1, even if the UE is configured with 6 SRS symbols by using more than one SRS configuration, the current nsrs cannot allow the eNB to get all the antennas’ CSI by using SRS antenna switching 1T4R within a UpPTS. 
Table 2a SRS Antenna Switching 1T2R or 2T4R
	Ant/Ant pair index for 1T2R/2T4R
	SRS symbols in UpPTS

	
	For UE with 4 additional symbols 
in UpPTS in Table 8.2-6 
	For UE with 2 symbols 
in UpPTS in Table 8.2-3

	
	1st symbol
	2nd symbol
	3rd symbol
	4th symbol
	1st symbol
	2nd symbol

	kSRS
	0
	1
	2
	3
	0
	1

	Frame nf
	nSRS=2nf
	nSRS=2nf+1
	nSRS=2nf
	nSRS=2nf+1
	nSRS=2nf
	nSRS=2nf+1

	
	0
	1
	0
	1
	0
	1

	Frame (nf+1)
	nSRS=2(nf+1)
	nSRS=2(nf+1)+1
	nSRS=2(nf+1)
	nSRS=2(nf+1)+1
	nSRS=2(nf+1)
	nSRS=2(nf+1)+1

	
	0
	1
	0
	1
	0
	1

	
	1st SRS config in Example 2
	2nd SRS config in Example 2
	3rd SRS config in Example 2


Table 2b SRS Antenna Switching 1T4R
	Ant index for 1T4R
	SRS symbols in UpPTS

	
	For UE with 4 additional symbols 
in UpPTS in Table 8.2-6 
	For UE with 2 symbols 
in UpPTS in Table 8.2-3

	
	1st symbol
	2nd symbol
	3rd symbol
	4th symbol
	1st symbol
	2nd symbol

	kSRS
	0
	1
	2
	3
	0
	1

	Frame nf
	nSRS=2nf
	nSRS=2nf+1
	nSRS=2nf
	nSRS=2nf+1
	nSRS=2nf
	nSRS=2nf+1

	
	0
	1
	0
	1
	0
	1

	Frame (nf+1)
	nSRS=2(nf+1)
	nSRS=2(nf+1)+1
	nSRS=2(nf+1)
	nSRS=2(nf+1)+1
	nSRS=2(nf+1)
	nSRS=2(nf+1)+1

	
	2
	3
	2
	3
	2
	3

	
	1st SRS config in Example 2
	2nd SRS config in Example 2
	3rd SRS config in Example 2



The independent nsrs per SRS configuration results in latency of CSI measurement, significantly degrading the DL throughput especially in case of large SRS periodicity and/or UE high mobility. In order to achieve fast SRS antenna switching by using multiple symbols in UpPTS, we propose to jointly count nsrs for multiple SRS configurations. For a UE with more than one SRS configuration for SRS antenna switching in TDD,  is defined as

where  is the number of SRS configurations, ={0,… -1} is the index of SRS configuration with  increasing as the order of the configuration index ISRS in clause 8.2 of 3GPP TS36.213 [4] and  for configured additional SRS symbol(s) in UpPTS sorted ahead of that of other SRS symbol(s) in UpPTS. Note that if , it falls back to legacy equation of .
For a UE with configurations in Example 1, ; in Example 2, .  By using new equation of , the SRS antenna switching pattern changes to Table 3a for 1T2R or 2T4R and Table 3b for 1T4R, respectively. By jointly counting the SRS instances of all configured SRS symbols in UpPTS, the eNB can get all the antennas/antenna pairs in one UpPTS efficiently, avoiding additional latency for scheduling.
Table 3a SRS Antenna Switching 1T2R or 2T4R
	Ant/Ant pair index for 1T2R/2T4R
	SRS symbols in UpPTS

	
	For UE with 4 additional symbols 
in UpPTS in Table 8.2-6 
	For UE with 2 symbols 
in UpPTS in Table 8.2-3

	
	1st symbol
	2nd symbol
	3rd symbol
	4th symbol
	1st symbol
	2nd symbol

	kSRS
	0
	1
	2
	3
	0
	1

	Frame nf
	nSRS=6nf
	nSRS=6nf+1
	nSRS=6nf+2
	nSRS=6nf+3
	[bookmark: _Hlk536361025]nSRS=6nf+4
	nSRS=6nf+5

	
	0
	1
	0
	1
	0
	1




Table 3b SRS Antenna Switching 1T4R
	Ant index for 1T4R
	SRS symbols in UpPTS

	
	For UE with 4 additional symbols 
in UpPTS in Table 8.2-6 
	For UE with 2 symbols 
in UpPTS in Table 8.2-3

	
	1st symbol
	2nd symbol
	3rd symbol
	4th symbol
	1st symbol
	2nd symbol

	kSRS
	0
	1
	2
	3
	0
	1

	Frame nf
	nSRS=6nf
	nSRS=6nf+1
	nSRS=6nf+2
	nSRS=6nf+3
	nSRS=6nf+4
	nSRS=6nf+5

	
	0
	1
	2
	3
	0
	1

	Frame (nf+1)
	nSRS=6(nf+1)
	nSRS=6(nf+1)+1
	nSRS=6(nf+1)+2
	nSRS=6(nf+1)+3
	nSRS=6(nf+1)+4
	nSRS=6(nf+1)+5

	
	2
	3
	0
	1
	2
	3



Proposal 1: For a UE configured with SRS antenna switching and more than one SRS configuration, jointly count the number of UE-specific SRS transmission as

where  is the number of SRS configurations, ={0,… -1} is the index of SRS configuration with  increasing as the order of the configuration index  and  for configured additional SRS symbol(s) in UpPTS sorted ahead of that of other SRS symbol(s) in UpPTS.
Proposal 2: Adopt the TP in Sect. 3 for TS36.211. 



3	Text Proposal for TS 36.211
---------------------------------------------------------------- Text Start------------------------------------------------------------------
[bookmark: _Toc454817991]5.5.3.2	Mapping to physical resources
---------------------------------------------------------------- Text Omitted -------------------------------------------------------------







The frequency hopping of the sounding reference signal is configured by the parameter , provided by higher-layer parameter srs-HoppingBandwidth. Frequency hopping is not supported for aperiodic transmission. If frequency hopping of the sounding reference signal is not enabled (i.e., ), the frequency position index  remains constant (unless re-configured) and is defined by  where the parameter  is given by higher-layer parameters freqDomainPosition and freqDomainPosition-ap for periodic and each configuration of aperiodic transmission, respectively. If frequency hopping of the sounding reference signal is enabled (i.e., ), the frequency position indexes  are defined by




where  is given by Table 5.5.3.2-1 through Table 5.5.3.2-4 for each uplink bandwidth ,




where  regardless of the  value on Table 5.5.3.2-1 through Table 5.5.3.2-4, and 

counts the number of UE-specific SRS transmissions if a UE is configured with SRS antenna switching and more than one SRS configurations for frame structure type 2, where  is the number of SRS configurations, ={0,… -1} is the index of SRS configuration with  increasing as the order of the configuration index  in clause 8.2 of 3GPP TS36.213 [4] and  for configured additional SRS symbol(s) in UpPTS sorted ahead of that of other SRS symbol(s) in UpPTS; otherwise,






counts the number of UE-specific SRS transmissions, where  is UE-specific periodicity of SRS transmission defined in clause 8.2 of 3GPP TS 36.213 [4],  is SRS subframe offset defined in Table 8.2-2 of 3GPP TS 36.213 [4] and  is the maximum value of  for a certain configuration of SRS subframe offset.
The sounding reference signal shall be transmitted in the last symbol of the uplink subframe.
---------------------------------------------------------------- Text Omitted -------------------------------------------------------------
---------------------------------------------------------------- Text End -------------------------------------------------------------------

3	Conclusion
In order to achieve fast SRS antenna switching by using multiple SRS configurations in UpPTS, we have following proposals:
Proposal 1: For a UE configured with SRS antenna switching and more than one SRS configuration, jointly count the number of UE-specific SRS transmission as

where  is the number of SRS configurations, ={0,… -1} is the index of SRS configuration with  increasing as the order of the configuration index  and  for configured additional SRS symbol(s) in UpPTS sorted ahead of that of other SRS symbol(s) in UpPTS.
Proposal 2: Adopt the TP in Sect. 3 for TS36.211. 

[bookmark: _In-sequence_SDU_delivery]Reference 
[1] R1-1613787, List of agreements for “SRS Carrier-Based Switching”, Huawei, 3GPP RAN1 #87, Reno, USA 14th - 18th November 2016.
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